Objective: Recent studies have shown that sex and age are associated with outcomes in patients with cardiomyopathy. The purpose of this study was to determine the all-cause mortality of dilated cardiomyopathy (DCM) by age and sex.
Introduction
Dilated cardiomyopathy (DCM) is a disease of the heart muscle characterized by ventricular dilatation and impaired systolic function; this condition is the third most common cause of heart failure. 1, 2 The prognosis in patients with DCM is poor, with approximately half of all patients dying within 5 years of diagnosis; however, the prediction of death remains a challenge for clinicians. 1, 2 Age and sex are established risk factors of cardiovascular disease and death due to cardiovascular disease. The elderly and males have poor prognoses once heart failure occurs. [3] [4] [5] [6] [7] In a meta-analysis, the Global Group in Chronic Heart Failure reported that the greatest predictor of mortality was age. 3 The Framingham Heart Study found that the prognosis of women was significantly better than that of men. 4, 5 Similar observations have been reported in patients with advanced heart failure. 6, 7 Furthermore, hormonereplacement therapy appeared to improve survival in postmenopausal women with nonischemic heart failure. 8 Recently, several studies have suggested that age and sex are also associated with the prognosis of DCM. [9] [10] [11] [12] [13] [14] [15] [16] Older age is reported to predict a poor prognosis, [9] [10] [11] and several previous reports have shown a relationship between male sex and poor submit your manuscript | www.dovepress.com
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li et al prognosis, 12 although the data have been inconsistent, especially for pediatric DCM. [12] [13] [14] [15] [16] In addition, most data on DCM outcomes are from the USA and European countries, and only few studies have investigated the prognosis of this disorder in Asian patients with DCM. Therefore, in the present study, we aimed to evaluate the association of age and sex with all-cause mortality in hospitalized patients with DCM in the People's Republic of China.
Subjects and methods
Patients and follow-up
A retrospective, observational cohort study of DCM patients was conducted from November 2003 to September 2011. The patients were admitted based on the presence of symptoms of decompensate heart failure and physical signs of heart failure, and DCM was defined as systolic dysfunction (left ventricular ejection fraction [LVEF] #50%) with left ventricular (LV) dilation in the absence of an apparent secondary cause of cardiomyopathy. 17 Of the 1,317 enrolled patients, 175 patients were excluded from the study because they presented various forms of secondary cardiomyopathy ( Figure 1) . Thus, 1,142 patients were included in the final analysis. The endpoint of the study was the all-cause mortality, which was assessed for all patients using medical records and medical follow-up calls. Survival data were obtained for all study participants from hospitalization to death. Data from patients who underwent cardiac transplantation were no longer collected after transplantation. If a patient was alive at the end of the study, then the date of the most recent clinical evaluation was used. The mean follow-up was 3.6±2.3 years. The study was approved by the Ethics Commission of Fuwai Hospital.
echocardiography
Patients underwent imaging in the left lateral decubitus position using a commercially available system equipped with a 3.5 MHz transducer. Two-dimensional gray-scale, pulsed, continuous, and color Doppler data were acquired in parasternal and apical views. For tissue Doppler imaging, the sector width was adjusted to obtain a frame rate of at least 115 frames/second. The LVEF was calculated using the biplane Simpson's technique. 18 
statistical analysis
Continuous variables are expressed as the mean ± SD or as medians and interquartile ranges. Comparisons of categorical variables among groups were made using chi-square tests. All tests were two-sided, and a value of P,0.05 was considered as statistically significant. Hazard ratios with 95% confidence intervals were used to estimate the adjusted relative risks for various groups. Kaplan-Meier survival curves were compared using the log-rank test. Multivariate Cox proportional hazards regression models were used to adjust for any confounding variables among groups. The analyses were conducted using SPSS (Statistical Package for the Social Sciences version 16.0, SPSS Inc, Chicago, IL, USA).
Results
Characteristics of the study population
Among the 1,142 patients, Han nationality people were 1,098 (96.1%) while minor nationality people were 44 (3.9%), patients lived in the North of Yangzi River were 991 (86.8%), and patients lived in the Southern of Yazi River were 151 (13.2%). Compared with the non-elderly patients (age ,60 years, n=811), the elderly patients (age $60 years, n=331) were more likely to have atrial fibrillation or a stroke, had longer disease durations, higher systolic blood pressure (SBP), fasting blood glucose levels, N-terminal pro-brain natriuretic peptide (NT-pro-BNP) levels, longer QRS durations, etc ( Table 1 ). The prevalence of DCM was higher in male patients (n=836) than female patients (n=306). Compared with the female patients, the male patients were more likely to have a history of atrial fibrillation or diabetes, more likely to have shorter disease duration, higher diastolic blood pressure, larger left atria, and lower fasting blood glucose levels, etc (Table 1 ). 
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Tg (mmol/l) Figure 2 ). To determine whether sex confers different degrees of mortality risk in elderly patients with DCM, the whole cohort was split into two subgroups. Among the male patients, a significantly different mortality was found in the elderly patients (n=211) compared with the non-elderly patients (n=625, 29.4% vs 21.3%, log-rank χ 2 =5.898, P=0.015), while no corresponding difference was found between female elderly patients (n=120) and female non-elderly patients (n=186, 23.3% vs 25.3%, log-rank χ 2 =1.062, P=0.303; Figure 3 ).
On the other hand, to clarify whether age confers different degrees of mortality risk in different sex patients with DCM, the whole cohort was split into two subgroups. Among the non-elderly patients, no significantly different mortality was found in the male patients (n=625) compared with the female patients (n=186, 21.3% vs 25.3%, log-rank χ 2 =3.072, P=0.080). Similarly, no corresponding difference was found between the elderly male (n=211) and female patients (n=120, 29.4% vs 23.3%, log-rank χ 2 =1.725, P=0.189; Figure 4 ).
Cox proportional hazard models
Univariate analysis of the clinical, laboratory, electrographic, and electrocardiographic data revealed that ventricular premature beats, disease course, New York Heart Association (NYHA) functional class, SBP, QRS duration, LV diameter, LVEF, right ventricular diameter, left atrial diameter, NT-pro-BNP levels, creatinine levels, and fasting blood glucose levels were significant predictors of all-cause mortality in patients with DCM. Neither age nor sex was entered into the Cox multivariate analysis. After adjusting for age, sex, tobacco smoking, alcohol use, right ventricular diameter, and LVEF, Cox multivariate analysis showed that ventricular premature beats, SBP, QRS duration, left atrium diameter, and fasting blood glucose levels were the strongest independent predictors of all-cause mortality in patients with DCM. Neither age nor sex was a predictor of all-cause mortality in the present study (Table 2) . 
Discussion
In this study, we investigated the associations between age, sex, and all-cause mortality in patients with DCM. Our findings suggest that age and sex offered predictive value for all-cause mortality only in the male subgroup of DCM patients; the elderly male patients exhibited significantly higher all-cause mortality than that of the non-elderly male patients. However, neither age nor sex was independent predictors of all-cause mortality in patients with DCM.
The present data confirm that DCM was less common in women than in men, as has been shown previously. [19] [20] [21] In the present study, men were cigarette smokers more frequently than women. Renal failure, an important prognostic factor in heart failure, was also more common in men; however, women had diabetes more often than men. These findings are in agreement with recent data. 20, 21 In the present study, although no difference in all-cause mortality was observed between the male and female patients or between the elderly and non-elderly patients, elderly male patients exhibited higher mortality rates than those of non-elderly male patients. Griffin relationship between age and outcome; older children had worse outcomes. 13 In Australia, a national population-based study of DCM found that age was one of the risk factors for mortality in DCM.
14 Similarly, a New Zealand study also found a difference in survival rates across ages. 10 However, despite their other positive findings, Chen et al did not find an age-related difference in mortality. 15 Likewise, Venugopalan et al did not find an age difference when comparing mortality or disease progression with recovery. 16 In a nationwide study of DCM in Japan, it was found that both male sex and higher age were among the five strongest predictors of mortality. 10 There was no standard criterion for elderly as various countries and societies consider the different onset of elderly age. Most developed Western countries set the age of 65 years for elderly, while the United Nations and developing countries have agreed that 60 years may be usually 
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Usefulness of age and sex to predict all-cause mortality in DCM patients denoted as old age. [22] [23] [24] As a developing country and according to the standard of Chinese Geriatrics Society on elderly, cutoff for elderly was 60 years in the present study. 25 The main outcomes did not change even if we took the cutoff for elderly as 65 years in the Kaplan-Meier survival and Cox analyses; there was still no difference between the non-elderly and elderly patients (22.4% vs 29%, log-rank χ 2 =3.247, P=0.072).
Sex differences in the cardiovascular system have largely been attributed to the effects of sex steroid hormones, such as estrogen and testosterone. The effects of estrogen on the cardiovascular system include rapid vasodilatation, reduced vessel-wall responses to injury, reduced development of atherosclerosis, and the prevention of apoptosis in cardiac myocytes during heart failure. [26] [27] [28] Testosterone inversely influences myocardial remodeling after myocardial infarction and activates nuclear factor-κB, which contributes to inflammatory mechanisms. [29] [30] [31] In the murine model of DCM, the 6-month survival rate was significantly better in females than in males, and basal and isoproterenol-stimulated fractional shortening were preserved in female transgenic mice. 32 In male and female spontaneously hypertensive rats, aged male rats showed a significant reduction in the peak stroke volume index and an increase in the end-diastolic volume index compared with age-matched control rats. 33 Echeverria et al found that LV function is better preserved in women than in men presenting with congestive heart failure. 34 A study by Olivetti et al of autopsy tissue from patients free of cardiovascular disease found that aging is associated with cardiac myocyte cell loss and reactive hypertrophy in men but not in women. 35 Their findings suggest that the myocardium of men, especially elderly men, may be more vulnerable to the effects of cardiac damage compared with that of elderly women.
The present study has several limitations. Like all hospital-based cohorts, this study sample was drawn from a selected population of patients who had been referred for treatment. Because the NT-pro-BNP test was not commonly used until the later years of this study and NT-pro-BNP test data were missing for 352 patients, we excluded this data from the multivariate Cox analysis to avoid a potential confound in the statistical analyses. A total of 14.4% patients (n=165) were lost to follow-up because of circumstances beyond our control, such as the lack of communication in rural areas, and the main outcomes did not change if we removed these individuals who were lost to follow-up from the Kaplan-Meier survival and Cox analyses. Ideally, all patients with DCM should be shown to be free of coronary artery disease. In practice, however, coronary arteriography is not routinely performed in all patients with congestive heart failure. Because retrospective studies cannot control the conditions under which patients are recruited or investigated, it follows that most retrospective studies of DCM have to compromise on the completeness of data on coronary artery disease in their subjects. In an Icelandic study, three-fourths of the patients were shown to have normal coronary arteries; 36 however, no coronary imaging results were obtained in a UK questionnaire-based study. 37 A previous retrospective study, based on the entire Mayo Clinic practice, including referral patients, found angiographic evidence of normal coronary arteries in 58% of DCM patients. 9 A very small subgroup with ischemic heart disease was observed in the present study compared with the expected proportion. Moreover, aside from those patients who had previously undergone coronary artery angiography, coronary computerized tomography (CT) scan, or cardiac radionuclide imaging in other hospitals, only 334 patients underwent coronary artery angiography in the present study and only 80 of these patients were found to have coronary artery disease at our hospital.
Despite these limitations in the present study on patients with DCM, we conclude that there was no significant difference in mortality between the male and female patients or between the elderly and non-elderly patients. Elderly male patients experienced greater mortality than non-elderly male patients. Neither age nor sex played an important role in allcause mortality in patients with DCM.
